Immunohistochemical detection of antigens in formalinfixed, paraffin-embedded tissues is gaining widespread use as an adjunct to routine diagnostic approaches. Immunohistochemistry is a sensitive antigen detection method in which results can be correlated with histopathologic changes. The fixation process renders certain epitopes inaccessible to immunoreagents because of the cross-linking of reactive sites on proteins. 5 Traditionally, such epitopes have been ''unmasked'' by digestion of deparaffinized sections with proteolytic enzymes. 6 In the past decade, other methods to restore reactive sites in fixed tissues have been described. 1, 7, 10 A recently described method is heat-mediated antigen retrieval (HMAR). This technique has been useful for enhancing the immunohistochemical detection of a number of antigens. The first report of HMAR consisted of the microwave heating of formalin-fixed sections immersed in a metal salt solution. 12 Other investigators have used alternative methods to perform HMAR, including autoclaving, 2 pressure cooking, 9 and boiling. 5 All procedures involve heating deparaffinized sections in the presence of an appropriate buffer solution. HMAR is convenient and inexpensive and can often maintain normal tissue morphology better than proteolytic enzyme digestion. We compared the effectiveness of HMAR with that of protease digestion for recovery of several antigens of veterinary interest.
Immunohistochemical detection of bovine respiratory syncytial virus (BRSV), group A rotavirus, Neospora caninum, swine influenza virus (SIV), Mycoplasma hyopneumoniae, porcine reproductive and respiratory syndrome virus (PRRSV), bovine viral diarrhea virus (BVDV), porcine parvovirus (PPV), and Serpulina hyodysenteriae antigens were examined. Tissues determined to be positive by fluorescent antibody test, virus isolation, and/or histopathologic exami-nation were selected from experimentally infected animals and from diagnostic cases submitted to the University of Nebraska-Lincoln Veterinary Diagnostic Center. Serial 4m sections from each block of formalin-fixed, paraffin-embedded tissues were mounted on slides a and allowed to dry overnight. Sections were deparaffinized and then subjected to either HMAR or protease digestion. The HMAR slides were placed in a Coplin jar containing 0.01 M citric acid monohydrate, pH 6.0. The Coplin jar was loosely covered with aluminum foil, and the slides were autoclaved for 10 minutes at 120 C and 20 psi. The autoclaved slides were rinsed by dipping once in distilled water and were loaded onto an automated immunostainer. b Slides for protease treatment were placed in the immunostainer, and the immunostaining procedure for the antigen in question was started. The stainer applied 0.05% (w/v) protease XIV c to each protease-treated slide. Protease was replaced by Tris-buffered saline (TBS, pH 7.6) and applied to all HMAR slides during this processing step. The incubation period for protease was variable depending on the antigen and tissue but was between 5 and 10 minutes. All slides were then washed 3 times for 3 minutes each with TBS. The protease-treated slides and the HMAR slides were then processed identically. A commercially available avidin-biotin complex alkaline phosphatase kit d and substrate kit e were used according to the manufacturers' instructions. Primary antibodies used for each antigen are indicated in Table 1 . A serial section stained with an irrelevant antibody was included for each antigen as a control for specificity of staining. All slides were counterstained with hematoxylin.
HMAR resulted in superior staining for BRSV, N. caninum, M. hyopneumoniae, and group A rotavirus, as compared with the protease-treated slides. The most dramatic effect of HMAR was observed for these antigens. Specific staining was distinctly present in HMAR slides but there was no staining of the protease-treated slides for these antigens. As an example, staining for group A rotavirus with monoclonal antibody (MAb) 9-10 (supplied by one of us [RAH]) was readily evident in HMAR slides; protease-treated sections exhibited no rotavirus-specific staining (Fig. 1) . Similar results were observed with N. caninum f (Fig. 2) and M. hyopneumoniae g (Fig. 3) antibodies. Adequate staining was occasionally obtained for BRSV 8 with protease digestion, but more often this treatment resulted in overdigestion of the tissues, excessive background staining, and inconsistent BRSV-specific staining. HMAR consistently improved staining of BRSV-infected cells. Staining was equivalent between protease-treated and HMAR sections for SIV, h rotavirus group A using MAb 4-24 (supplied by one of us [RAH]), and S. hyodysenteriae. 13 Protease digestion of tissues resulted in excellent staining for PRRSV, i BVDV, 4 and PPV, f whereas HMAR treatment resulted in no positive staining. These results are summarized in Table 1 .
A distinct advantage of HMAR over protease treatment was that the tissue morphology was better preserved. With certain agents, such as BRSV and Neospora, protease treatment of tissues, particularly brain and lung, often resulted in a significant loss of detail with very little antigen-specific staining. A Neospora cyst is visible in a protease-treated section of brain in Fig. 2A . The tissue is partially digested, yet no appreciable staining of the organism occurred. A similar HMAR section showed obvious staining of the organism, with better preservation of brain morphology (Fig. 2B ).
Restoration of antigenicity in overfixed tissues was another benefit of HMAR. Lung tissue from calves experimentally infected with BRSV had been fixed in formalin for 3 weeks. BRSV-specific staining using MAb 8G12 8 could not be dem-onstrated in these tissues after incubation with protease for up to 15 minutes (Fig. 4A ). BRSV-specific staining was present in HMAR sections (Fig. 4B) .
The protein denaturation achieved by heat-mediated antigen retrieval methods ''rescues'' some epitopes masked by fixation. Other epitopes remain unaltered or may be destroyed. A number of factors influence the outcome of HMAR for any given antigen, including time and temperature of the heating method, the nature of the buffer solution, and buffer pH. 11 The technique is gaining widespread use, as evidenced by the fact that there are now commercially available HMAR solutions. In this study, the use of a single HMAR protocol significantly enhanced the immunohistochemical detection of BRSV by a MAb, detection of N. caninum and M. hyopneumoniae by polyclonal antisera, and detection of bovine and porcine group A rotavirus by 1 of 2 MAbs tested. Thus, the technique can be applied to diverse antigen-antibody combinations. In addition, the unmasking by HMAR of antigen from overfixed tissues has been previously reported. 2 Depending on the antigen, HMAR can allow diagnostic evaluation of fixed tissues that would otherwise be unsuitable because of the method or duration of fixation.
Staining results were equivalent using protease digestion and HMAR for 3 antigens, which suggests that these epitopes are equally retrievable by heat denaturation and enzymatic digestion. Other antigens are retrieved efficiently by enzymatic digestion and not at all by HMAR. Investigators have been unable to predict which antigen retrieval technique will work for any given epitope based on primary protein structure. 3 Variation in response to antigen retrieval methods as documented here demands that antigen-specific methods be developed for immunohistochemistry protocols. Heat-mediated antigen retrieval offers several advantages over protease digestion for the detection of some antigens, including consistent performance, superior staining results, and the potential for restoring antigenicity to tissues subjected to fixation for unknown duration. 
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